The MonA and PotLab instruments represent the upper and lower limits of a range of rugged colorimeters designed for use in developing countries based on the concept of using a light emitting diode (LED) as an alternative to the tungsten lamp and filter of the conventional colorimeter. The green LED with a maximum emission around 565 nm and a bandwidth of 30 nm was chosen because it is the only colour applicable to a useful range of clinical chemical tests.
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Initial testing of LEDs revealed that the light output varies with time until thermal equilibrium is achieved. This problem, coupled with the requirement to keep battery consumption as low as possible, was solved by pulsed operation of the LED.
Flash operation colorimeter Mona
Light from a single LED, pulsed for a nominal 14 msec, reaches two silicon photodiodes which are connected to the transconductance amplifiers. One photocell 'sees' the LED directly (reference) and the other via the cuvette containing the sample to be measured. The 'zero' control sets the two output voltages to be equal when the sample is reckoned as 100% T, i.e. as reagent blank.
The two amplifiers are connected to what are effectively two sample and hold circuits except that one (the reference) has a controlled exponential droop rate. For the first 10 msec (nominal) of the 'pulsed' time (to to 1) these circuits are in the 'sample' mode and acquire their respective amplifier voltages. The 'sample' gates are opened at time l, and the 'reference' side decays exponentially with the pre-set time-constant. At some point in time (t2) the 'reference' voltage reaches the same level as the 'sample' voltage and this causes a comparator to change its output (hi-to-lo).
The time period from to t2 is a measure, to some scale, of the log of the ratio of the two signal voltages which correspond to the 'reference' and 'sample' light levels seen by the two photocells. The function of the digital circuitry is to measure and display this time which is shown as the number of clock pulses in this interval. Using a simple series of logic gates, an accurately controlled clock and a digital counter, the result is finally displayed on a conventional log illumination change which is usually about 0.8 to 0.9 but which unfortunately is variable from sample to sample. The cells are also more temperature sensitive than silicon detectors. Their peak spectral sensitivity is advantageously near to the emission of the green LED.
While a direct reading instrument is preferable, the cost of using either a rugged sensitive tropicalised meter-indicator or a digital display is relatively high. A null indicator offers the cheapest solution and in the PotLab a pair of LEDs is used to indicate the.direction in which, a calibrated potentiometer control must be rotated to achieve balance.
As the name suggests, PotLab uses a potentiometer method of measurement based on two fight dependent resistors in a bridge circuit. A section of a quad amplifier integrated circuit provides the drive to the d.c. null indicators and readings are taken from the calibrated potentiometer (scaled in haemoglobin, g/100 ml). This, with fixed resistors, and the two light-dependent resistors (test and reference), comprises the bridge network. The output of the bridge feeds the comparator which drives a 'long tailed pair' of transistors, so illuminating one or other LED null indicator.
The remaining section of the quad amplifier is concerned with control of the current through the LED.
A ten-turn potentiometer (set calibration control)is in series with the calibrated potentiometer and is intended to be in mid position for a cell of average gamma with the standard calibration scale. The present potentiometer will take up moderate gamma changes from cell to cell but the degree of error has not been assessed. volts, normal operation being from a 9 V internal battery with the same economical 'press to read' power 'on' button. In fact the trial was terminated at the end of the first phase partly because the time scale for the exercise became protracted but primarily because sufficient information was forthcoming to make the second phase unnecessary. (2) Balance is difficult to achieve. As the point of balance is indicated when one LED goes out and the other comes on, it is easy to 'overshoot'. There is a tendency for operators to spend a lot of time trying to produce a 'no lights on' condition. (3) The mode of operation of the light source (LED) makes it susceptible to thermal drift.
(4) A combination of (2) The circuit boards of the returned colorimeters have been protected with a silicone rubber coating in an effort to reduce the effects of high humidity. This treatment has only been partly successful and work is in progress to identify the part or parts of the instrument sensitive to humidity.
General assessment of the usefulness of the system A colorimeter, a box of cuvettes and the necessary packing material will fit into a cardboard box 21 x 20 x 13 cm; with reagents, etc., the whole can be packed into a box 27 x 33 x 29 cm. Colorimeter systems have been sent by air mail to various parts of the world without suffering damage, and can be used immediately.
The portability of the system has been further demonstrated by the fact that haemoglobin estimations have been performed in native schools and villages, in the absence of a local electricity supply. In addition the accuracy and precision obtained with the MonA colorimeter was previously unobtainable using colour comparison methods.
In many laboratories in developing countries it is impossible to get reproducible readings from colorimeters connected to the local electricity, supply because of voltage fluctuations. In these cases the MonA colorimeter has given a significant improvement in precision. 
Conclusions

